Solid dispersions of ofloxacin (OFX) and of a number of carriers including chitosan and the water soluble polymers polyethylene glycol (PEG) 4000, PEG 20000, and polyvinylpyrrolidone K-90 were prepared by solvent evaporation method in order to increase the dissolution of the drug. The solid dispersions were subjected to X-ray diffraction, DSC, and dissolution to characterize their physicochemical and dissolution properties. The results demonstrated a decrease in drug crystallinity at higher amounts of carrier. Dissolution studies indicated that the dissolution rate of OFX was markedly increased in these solid dispersion systems compared with the pure drug. The results also showed that the increase in dissolution rate was higher when the weight fraction of carriers increased. An influence of molecular weight of PEG on OFX dissolution could also be observed. In solid dispersion with 1 :9 ratio drug to carrier, PEG 4000 gave highest drug dissolution rate, whereas in 1:l ratio, chitosan seems to be the best carrier for drug release. It was concluded that chitosan might be the carrier of choice for dissolution enhancement in solid dispersions with high content of drug.
INTRODUCTION
Ofloxacin (OFX) is a potent antibacterial drug, which belongs to the class of fluoroquinolone derivatives (1) . A major problem of OFX as well as other compounds of this class is the poor aqueous solubility (2) . Therefore, the improvement of OFX dissolution is an important task for enhancing its bioavailability and therapeutic efficiency.
In modern pharmaceutical technology, solid dispersion is one of several strategies to improve the dissolution properties and bioavailability of poorly water soluble drugs using hydrophilic carriers as dispersing agents (3). Among the numerous substances examined for their carrier properties, the commonly used are urea (4) and water soluble polymers (5) such as polyethylene glycol (6) and polyvinylpyrrolidone (7).
Recently, there has been a considerable increase in interest in the utilization of chitosan (CTS), a cationic natural biopolymer produced from deacetylation of chitin, as an excipient in the pharmaceutical industry, because of its abundant advantages; e.g. it is inexpensive, non-toxic, and biodegradable (8). Moreover, CTS exhibits good biocompatibility and safety after parenteral administration (9) and has been approved as a food ingredient, a fact that suggests the acceptability of this new excipient for oral drug administration (10-1 1). From a technological point of view, CTS has been demonstrated to be a good vehicle for enhancing the dissolution properties and bioavailability of a number of poorly water soluble drugs (12) (13) (14) (15) (16) (17) .
In a previous paper (18), we applied the solid dispersion method using urea and mannitol as carriers to improve the OFX dissolution and reported that the dissolution rates of OFX from OFXurea solid dispersions were significantly higher than that from OFX-mannitol solid dispersions.
To clarify this aspect, a solid dispersion of OFX with a number of carriers were prepared and characterized in the present study. As PEG and PVP were the most commonly used hydrophilic polymers that enhance the dissolution rates of many drugs and taking in account all advantages of chitosan mentioned above, these types of materials were used as carriers in this experiment. Moreover, the effect of molecular weight of PEG was also investigated. Powder X-ray diffractometry and differential scanning calorimetry were used to explain the results.
EXPERIMENTAL Materials
Ofloxacin (OFX) was obtained from Daiichi Seiyaku Co. Ltd (Japan). Chitosan (CTS) with a degree of deacetylation of 85 % was obtained from Ta Ming Enterprises Co. Ltd. (Thailand). The average particle size of CTS quoted by the manufacturer was 80 mesh. Polyethylene glycol (PEG) with different molecular weights (PEG 4000 and PEG 20000) and polyvinylpyrrolidone (PVP) K-90 were purchased fiom Fluka Chernie AG. All other chemicals were of analytical grade.
Preparation of OFX solid dispersions
The solid dispersions of OFX and different carriers were prepared at weight ratios of 1 : 1, 3:7, and 1:9 (drug to carrier) by solvent evaporation method using chloroform as solvent. OFX was dissolved (1 g OFX / 50 ml of chloroform) before the carrier was added to the solution. This material containing OFX and water-soluble polymers as well as the colloidal dispersion of CTS was evaporated at 40" C. After complete evaporation, the solid mass was further dried in a vacuo at room temperature for 12 h. The dried solid mass was then pulverized and sieved and the solid products of 60-200 mesh were used in this experiment.
Powder X-ray diffractometry (PXRD)
The crystalline characteristics of OFX-CTS solid dispersions were examined by means of a Kristalloflex Siemens D500. The X-ray source was Cu-Ka with a Ni filter (20 kV, 10 mA) and the scanning speed was 5" / rnin.
The OFX-PEG and OFX-PVP solid dispersions were subjected to a Rigaku Denki 2027 diffiactometer. The X-ray source was Cu-Ka with a Ni filter (30 kV, 5 mA) and the scanning speed was 4" 1 min.
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Differential scanning calorimetry (DSC)
A 2-3 mg sample was placed in an aluminium pan. A Perkin-Elmer DSC 7 and a DuPont 9900 thermal analyzer were used for the characterization of solid dispersions consisting of OFX-CTS OFX-PEG and OFX-PVP, respectively. The measurements were carried out under a nitrogen gas flow of 60 mllmin at a heating rate of 10" C I min.
Dissolution studies
Dissolution characteristics of OFX and OFX solid dispersions were investigated at 37" C using a modified USP XXV paddle method with a rotating speed of 100 rpm. A powder sample containing 100 mg OFX was compressed at 2t 1 cm2 to a flat tablet (10 rnrn diameter). The tablet was then fixed at the bottom of the dissolution vessel containing 1000 ml of distilled water as test medium. The side of the tablet was sealed by paraffin to allow only the top surface to contact the medium throughout the dissolution experiment. A 5 ml portion of the solution was taken out periodically, and the same amount of distilled water at the same temperature was replaced. The amount of OFX was determined spectrophotometrically.
RESULTS AND DISCUSSION

Crystalline characteristics of OFX
The PXRD patterns, over the 28 range from 10 to 40°, of OFX solid dispersions with CTS, PEG 4000, PEG 20000, and PVP are compared with OFX and each of the carriers (Fig. 1) . OFX showed numerous distinctive peaks at 28 of 10. 8, 13.7, 15.7, 20.3, and 21 .8", indicating a high crystallinity. PEG 4000 and PEG 20000 also exhibited some crystallinity, showing peaks of high intensity at 13.5, 19.1,23.2, and 27.3" for PEG 4000 and at 19.3 and 23.5" for PEG 20000 and other peaks of low intensity. PVP depicted halo pattern indicating amorphous form and CTS exhibited a single broad peak of low intensity at 19.9" (amorphous nature).
No peak indicating crystallinity of OFX was detected from the PXRD patterns of solid dispersions at a ratio of 1:9. This result suggested that on heating in DSC, OFX progressively dissolved in PEG and PVP and dissolved completely below the melting temperature of crystalline OFX. In solid dispersions with higher drug content, e.g. at ratios of 3:7 and 1 : 1, the PXRD patterns exhibited the identical peaks of OFX at 28 of 10.80 and 15.7", but of low intensity. This reveals that some OFX still existed in the crystalline state in the solid dispersions.
Thermal behavior of OFX
The DSC thermograms over a temperature range from 50 to 300" C of OFX solid dispersions with CTS, PEG 4000, PEG 20000, and PVP were compared to those OFX and each of the carriers (Fig. 2) . OFX showed a sharp melting endotherm at 278" C. PEG 4000 and PEG 20000 exhibited a single sharp endothermic peak at 56.8 and 62.8" C, respectively. CTS showed no epdothermic peak whereas PVP depicted a broad endothermic peak corresponding to water dehydration at 148.5" C. In the thermograms of OFX-CTS solid dispersions as shown in Fig 2 (A) , an endothermic sharp peak at 278" C was observed in all samples, but lower in intensity as the content of drug decreased. This indicated the melting process of OFX crystallites existing in the systems. Temperahre (0C) 
In the thennograms ofOFX-PEG 4000, OFX-PEG 20000, and OFX-PVP solid dispersions as shown in Fig. 2 (B-D) , no endothermic peak of OFX was observed when the ratio of drug to carrier is 1:9. This resuIt suggested that on heating in DSC, OFX progressively dissolved in PEG and PVP and dissolved completely below the melting temperature of crystalline OFX. When the content of drug was high the broad endothermic peak appeared but much lower in intensity and shifted to the temperature lower than the melting point of OFX whereas the melting point of PEG or PVP was constant. This result demonstrated that OFX formed monotectic mixtures with both PEG and PVP. Other solid dispersions have been found to behave similarly e.g. triamterene, which formed monotectic mixtures with PEG and Gelucire 44/14 (19, 20) and cinnarizine, which formed monotectic mixtures with Gelucire 53/10 (21). Lloyd (22) and Okonogi (23) have previously suggested that the drug may dissolve in the molten polymer over the range of temperature; hence the melting endotherm of OFX in those solid dispersions broadened to such an extent that they could not be distinguished from the baseline. The data presented here largely support this hypothesis.
Dissolution studies
The dissolution profiles of OFX from the solid dispersions are shown in Fig. 3 . In all cases, the dissolution of OFX was improved. Solid dispersions with a drug to carrier ratio of 1:9 ratio exhibited faster dissolution compared with those having a drug to carrier ratio of 1: 1. In solid dispersions (1:9 ratio), the order for the carriers to enhance drug release within the first 30 min (Tab. 1) was PEG 4000 > PEG 20000 > CTS > PVP. OFX-PEG 4000 gave the most improvement at a 1 :9 ratio. This was due to the improvement of the wetting of the hydrophobic OFX crystals. When the ratio of drug to carrier was increased to 1:1, the order for carriers to enhance drug release within the first 30 min was significantly changed to CTS > PVP > PEG 20000 > PEG 4000. At this ratio, OFX-CTS exhibited the highest burst release within the first 30 min. Other carriers were found to behave similarly with respect to the drug. In the process of solid dispersion preparation, CTS was insoluble in chloroform and gave a colloidal dispersion. During solvent evaporation when the drug was precipitated, OFX might deposit as crystallites on the surface of insoluble microparticulated CTS as surface solid dispersion. This caused the increase in surface area of OFX in contact with dissolution medium. CTS was not dissolved in water, therefore, it did not cause a high viscosity of the dissolution medium whereas the water soluble polymer gave a high viscosity. Moreover, CTS showed fast disintegrating action. Hence, formulations with CTS showed a fast liberation of the drug as well as the highest concentrations in the test medium. 
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